Abstract. The scalar -isoscalar ππ phase shifts are analysed using a separable potential model of three coupled channels (ππ , KK and an effective 2π2π system). Model parameters are fitted to two sets of solutions obtained in a recent analysis of the CERN-Cracow-Munich
Recently the CERN-Cracow-Munich data [1] for the π − p ↑ → π + π − n reaction on a polarized target were analysed in Ref. [2] . Four solutions for the isoscalar S-wave phase shifts from the ππ threshold up to 1600 MeV were found and two of them, called "down-flat" and "up-flat" fully satisfy unitarity constraints. The "down-flat" solution is in good agreement with the former solution of Ref. [3] below 1400 MeV. In Ref. [4] the scalar meson spectrum was studied in terms of a relativistic ππ and KK coupled channel model from the ππ threshold up to 1400 MeV. Strong four-pion production, observed in different experiments [5] [6] [7] [8] [9] , provides a compelling argument to take into account the 4π channel. In this report we extend the isoscalar S-wave 2-channel model of Ref. [4] by adding to its ππ and KK channels an effective third coupled channel, here called σσ.
We consider the S-wave scattering and transition reactions between three coupled channels of meson pairs labelled 1, 2 and 3. Reaction amplitudes T satisfy a system of coupled channel Lippmann-Schwinger equations [4] with a separable form of the interaction:
where λ αγ, j are coupling constants and
The model has 14 parameters: 9 coupling constants λ αγ, j , 4 range parameters β α, j and the σ mass m 3 . We can solve the system of Lippmann-Schwinger equations following the formalism developed in Refs. [4, 10] . The S-matrix elements S αβ (α, β = 1, 2, 3) can be written in terms of the Jost function of different arguments (see [10] ). The model satisfies the unitarity condition S + S = 1. Some of the S-matrix poles in the complex energy plane can be interpreted as resonances. The diagonal matrix elements are parametrized as S αα = η α e 2iδα , where η α and δ α are the channel α inelasticities and phase shifts, respectively. We fit the new experimental results [2] on the ππ S-wave isoscalar phase shifts and inelasticities together with the KK phase shifts from [11] .
At the beginning we have considered only the ππ and KK 2-channel case with 8 free parameters. Next the starting parameters for 3-channel case were taken from the 2-channel fits. In Fig. 1 two different fits (A and B) to the "down-flat" data for δ ππ , η ππ and ϕ πK = δ ππ + δ KK are compared to the experiment. In Fig. 1a we have only shown the fit A since the energy dependence of the fit B is very close to that of A. Fits to the "up-flat" data are shown in [10] . We found that in the 2-channel case for the "down-flat" solution it was not possible to obtain a good fit to the η values between 1400 to 1600 MeV. In the 3-channel model, however, we can get a substantial decrease of η above 1400 MeV (see Fig. 1b ). In order to achieve this behaviour, couplings between the ππ and σσ or KK channels should be sizable. The main difference between the 2-and 3-channel fits lies in η above 1400 MeV, where the opening of the σσ channel leads to a fast decrease of inelasticity parameters. Let us also note an improvement in ϕ πK over the 1000 to 1200 MeV range, as it can be seen in Fig. 1c . The corresponding parameters for these best fits are given in Table 1 .
Fits of similarly good quality were obtained with very different physical parameters in the KK and σσ channels. For example, in the 2-channel fits and in fit A the KK interaction is attractive while in the case B it is repulsive (see Table 1 ). Similarly, interchannel couplings are very different in both cases. In fit A we see rather strong ππ to σσ and KK to σσ couplings, while in the case B the ππ -KK coupling, Λ 12,2 , is particularly strong.
We have studied positions of the S-matrix poles in the complex energy plane (E pole = M − iΓ/2). For the 3-channel model there are 8 different sheets which correspond to different signs of imaginary parts of the channel momenta (Imp 1 , Imp 2 , Imp 3 ). For example, on the sheet denoted by (− − −) all imaginary parts are negative. Resonance parameters predicted by the 3-channel model are summarized in Table 2 . At low energy we find a very broad f 0 (500) resonance (also called σ meson). The f 0 (980) resonance is seen in the vicinity of the KK threshold with a width of about 60 to 70 MeV. Mass of a relatively narrow state f 0 (1400) varies from about 1400 MeV to 1460 MeV. For the "down-flat" fits this resonance is narrower (Γ ≈ 100 MeV) on sheet (− − +) than on sheet (− − −). The parameters of this resonance are close to those of the f 0 (1500) resonance -a hypothetical glueball state-found by the Crystal Barrel Group [5, 6] r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r Fits to the "down-flat" data of [2] , thick solid line corresponds to fit A, thin solid line to fit B and dotted line to the 2-channel model fit; a) energy dependence of the ππ phase shifts, b) energy dependence of inelasticity parameter η ππ , c) energy dependence of phase shifts sum ϕ πK = δ ππ + δ KK ; experimental data are from [11] . 
